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Gel Suitable in Dysphagia-friendly Food
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Abstract: In order to improve the current situation of malnutrition in people with dysphagia, a kind of low fat, high fiber
and high protein soft gels were developed through a thermal induction method, with whey protein, microcrystalline
cellulose, sunflower oil, as well as gellan gum and konjac gum. Besides, the physical properties of the soft gels were
analyzed using texture analysis, rheological testing and structural characterization. According to the International dysphagia
dietary standard initiative (IDDSI), their application potential as dysphagia-friendly food was evaluated. The results showed
that soft gels prepared with 4%~8% whey protein, 2%~6% microcrystalline cellulose, 1%~3% sunflower oil, and 2%
polysaccharides (a mixture of gellan gum and konjac gum) exhibit excellent moldability, surface gloss, and freeze-thaw
stability, meeting IDDSI Level 4 requirements. Increasing microcrystalline cellulose to 4%~6% resulted in a gel with lower
strength and enhanced softness and smoothness, facilitated by the hydrogen bonding of higher amounts of cellulose and oil
within the polysaccharide network, making it easier to swallow. Overall, the low-fat, high-fiber, high-protein soft gels
developed in this study offer a novel dietary option for individuals with dysphagia and hold significant application potential.
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1o AR P RBE I o K BERCRE b 4y S PR A o TR AL,
BERSVREN 2 25 °C; R UR-SE I, WG EEIR & F—20 °C
Bk 24 h, B ZE#E Fu0 iR S 70 °C, B AD
% 25 Co FARICSEIFIEAH TR .
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Table 1 Design of low fat, high fiber, high protein soft gels
45 Gl METERT FLIHER BAhAMER ZEEREh K
(%) (%) (%) (%) (%) (%)
SG1 10 2 1
SG2 8 4 1
5G3 1.875 0.125 6 6 ! 85
SG4 8 2 3
SG5 6 4 3
SG6 4 6 3
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7K 43, FREER &, S 1A AN

M, -M,

P X FRIRPTIKER, %3 M ZR7 iR B IARE &
JoUtE, g3 M, SRR IS IR TR, g0

Z I8 Lu 807 (75 g 78 B U3 . AR S
=20 °C ¥k 24 h, 287 mIAE Lyl BE Sy 70 ¢, B
YA TR IAK S S PR, THA AT

M, -M,

A X FORZEAIIER, %3 M, JEAREATAIFE

X (%) = x 100 W)
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1.2.6 SEFRRME I E

1.2.6.1 7KA3453A45  ARYE Zou ZEUS By L 2 AL T
HIK G353, B BB . B 3 g AEAL BT K BEALLT,
SRIG A BEAE 15 mm WY RIMTEAZ GRS EEE P Hak
WA A AR ARG L IR ST A, & S8R )7
%14 Carr-Purcell-Meiboom-Gill(CPMG) JF 41, 7 &

S 32 °C, HiE v E (SW) oA 200 kHz, 32 A8 1 25
(RG) M 20 dB, M % (NECH) A 16000, 575 35U,
AFME](TE) > 0.5 ms, EETHEC(NS) 2 2, EE AN
(TW)# 3500 ms.
1.2.6.2 £14MGiE =R Liu 20 5. FRE
FH, AR TR . B 1 meg RS 100 mg 11k
FRYR A, TEFSHG AR T FEE , Rl AR ol AR
SEPFLLAMGIE GG RE T, IR EE SR 25 °C, T
PEE S 400~4000 cm ™!, FHHHYRECH 32 K.
1.2.6.3 X HF£RAiThd =08 5 R0 Yk, BA
B KRR AOE TR BT X SERAT SO, DL 5o~
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1.2.6.4 SrFVERJT AR Liu 88U 970 M1
RS TFER D, WA sl . FEEERSHI B R T, 4y
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0.5. 2 mol/L)#1 SDS(0. 0.01. 0.05. 0.1 mol/L) Jf:#i
FEE . 7% 1.2.3 TS EERS I BERCE B, IF53
A MriE AR B AR . S KA EAE X E A
BN A TTRRE .
1.2.7 IDDSI T ARY E bR i ffig 2 i b o
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P AL EE S 3 U, BE - B E AR X AR T D
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FHICZEM(P>0.05) . TERFIRE — &R, FEAh SG2.
SG4 FIFE S SG3. SG5 MYEEE R JC b 222 5 (P>
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HEE IS P L8 AN TR
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Appearance (A), gel strength (B) and color properties (C, D and E) of low fat, high fiber, high protein soft gels

H: ARVNE AR R ER B (P<0.05),

BE LT AE 25U N 2% HEFE 4%, FESL I L7 514
(P<0.05), BKHFET 422 1 350 43 HUE 55 T G I T

4T 4 Z R B LR SR NN ZE 6% WY, FESh L7 ZE FRAK
(P<0.05), BLHFEERE 0] RTINS0, SBEH /T aLenl
WK, THABHREE A 3% B, B 4L SG4. SG5. SG6 114
L ItREHEZER(P>0.05), WE 1D, E 1E s,
REHE SR 1% B, BEAELF AR U I 2% HE = 4%, FF
S Y @ JC 3 AR (P>0.05), b™ i E FEAK (P<0.05);
LT Yk e FE ARSI NN ZE 6% I, FESH Y o 35 FRAIG
(P<0.05), "G ZEAEAL(P>0.05) . THIEHE H 3%
Bt , Bifi 35 2T 4 22 W3 i B 0, BE LY o TS AR Ak (P>
0.05), b TELT AR HIFT L T 6% AL (P<0.05) ., TE
FHRIZE U, FE5h SG3. SG5 1Y o Fl b IC 257
(P>0.05) . Kk, 22055 8 A U EERL LT 4E M 2% 3=

TR XL 1 B AR FH , Ko A 0 35 R MR 555 o
2.2 BB BRAATEME

T FH T A MR R 2 BB Y LA R B | IR
Zeh SR O v Y SRR AR R SR . AR 2 TR, M A
E S BYRE EEAE 1000~2500 N/m? 3t BN, 445 To a7 H.
TR IR B R RE R Y AR IR b, TR R
B, B 5 20 4 22 e B8 8 0 . B T e BE U/, BE S
(SG1~SG3 5 SG4~SG6) [y fli BF 2yl /M, A H:
THINZER RIS BB E ), BRI A
SErE T A EEAESY SGS, BEAh SG6 BB N
FHRRHA AR v, 1 BH B VIR RNET 4k 2R 5 I, B
JE S IAH EAEFI AT RIS SR . TG R Sl 11 PN SR M3 4
FFTE 60%~75% MRS, WL TR
A i i3 FH o JBE ) i 1 P9 SR PEFE AR (30%~50% ) 121,

T BEEA S OSSO0, RAE TP B IR S 2T 4E R

2 AR, mET e S E A AREER 1 BT Rr
Table 2 Texture properties of low fat, high fiber, high protein soft gels

A N SR

AE AT A S AR R B IR A A MR A

FEM T (N/m?) ZhbH: (g-s) [l 5 1 (%) NERME(%) (%) e (N/m?) RELIEH M (N/m?)
SGl1 1691.9+53.2° 44.1£1.1° 23.240.6" 71.0+£1.4° 84.9:+0.6" 1201.8+40.4* 1019.6+29.0°
SG2 1461.0+68.1° 44.9£1.2° 21.7£0.3° 71.5+1.8° 85.0+0.3° 1043.4+36.2° 886.9+29.7°
MRl SG3 1409.0+21.0° 38.5+2.3 19.5+1.5° 68.6+4.0™ 84.1+0.6° 966.7+70.7" 812.4+55.6™
SG4 1604.4+141.0° 43.1£1.6" 21.940.5° 72.2+1.5% 84.9+0.3% 1157.4+84.3" 981.9+68.5°
SG5 1245.1424.3¢ 37.241.3° 21.7+0.3 71.7+1.3% 84.1+0.6" 892.4+5.2¢ 750.042.2¢
SG6 1379.0+87.7% 39.5+1.3° 17.8+0.7° 69.2+3.0™ 85.2+0.5° 952.2+33.1"™ 810.9+23.7"
SG1 2016.0+143.1° 49.1+4.4® 17.8+0.1° 67.3+4.9° 86.3+0.3° 1352.6+71.7° 1167.0+60.0°
SG2 2129.6+124.4° 53.0£3.7° 15.7+0.4° 68.5+5.3 87.7+1.0° 1454.9+36.7° 1276.4+44.9°
VR A SG3 1749.9+117.7° 52.0+2.4 16.140.9° 68.2+4.1° 86.8+0.3° 1190.4+50.3¢ 1032.8+42.0°
SG4 2021.5+58.9* 54,5427 17.4+0.6™ 69.6+1.9° 86.8+1.2° 1406.2+31.4% 1220.5+42 2%
SGS 1698.2+113.9° 51.043.2% 16.6+0.7"% 68.0+5.6" 86.4+1.7 1151.3423.7° 994.9+2.7°
SG6 1692.6+158.4° 46.5+1.6" 14.1+0.3¢ 68.2+3.5% 86.4+0.3° 1150.48+62.45¢ 994.4+50.74°

T [f—

AR ING FiE 7R 25 5 i 3 (P<0.05) 5
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FHo SRR, EEHAT RArnd A S &R
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FHOCHE, A . Liu 2509 45 1 T AR RLBO 458,
il ] A B SRS RN B9 57 ) 2 TR () AH 2 2 TRl e
IR BT R, DTS AT U B B sy PR RS
23 BUEBRRHORTHF M

&l 2 HARBERRE AR RE Y . B 2A FRBH, BT
AR A S0 2 A BY DI AR RRAE, 3X RIS TE
F R SRS B R SRl B R TEAS, FE I sl
5| & B UIVE FH S RE G [, SXFh shasm i R
B F R A ZE LR ZR GE i S S 1z ], ARl 25 0p Az
Hf b s AT A T, DT RARAER R XU ), Liu S50
FHEE TR AN 2 ke il 25 1O A MR e i AHRE R AR &
FAAFRINESE R . MAh, HEah RS e A4 R
R (2%~6% ) WG I v/)N, B £F 4 22 ] eI 55
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A 10000001
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U IAREERE, IR S5 2T 4k R I RENEAT RUEE T HEREERL 1)
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